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m^mil i*0^i^n-lilT>T-nh 
U-ACD/-f XS^tiSflffir (i) <o^i;Y)VXii 

mmnn\^^-r^/v)^m^mis.h (x) 

y-fX^ty^tegmttr (i) i:%&t 
&*£2*SSct<J>5&JtLLR (i) tUTffiWSX^r- 
5t. 

j^O^j^J-ltl/T. =&»*ije©7tz (i, 10 
j) *h , )y9fr*>l3LZ>nffi.<DKz (i, j) * HJ 
^£§tt<i:9, fercz (i, j) *HJy*fcUi"3v» 
T. WJfl^Az (i, j) *h>)y2fr*bfZZ>n 
fflCAz (i, j ) * b*)yP&st&-rZ>tctb<DZ-7n 

WJiCAx (i, j) * h'J 7^*^*5111© 
Ax (i, j) ^ h'J ->^Sr§tttO, tAx (i, 
j ) ;* h 'J 5/ * itfcfcfSSc^SJtL L R ( i ) t fcg-^ 
nl®filq (i) SrftffU |Ax (i, j) 

t.W£'&ffi.Q (i) iUCg"^, WJi 20 
CDtcx (i, j) ;* h 'J vffrt>fS.2> xifSLinn x (i, 
j) ^ hU>y^*ffi-SCb, i£*SHi!q (i) fcafr^Sn 

^/lUT-ft&St^JSith (x) OjSIh1->-7 McS^fe 
?rx (i, j) ;* HJ y?£:frBEL.T7rz (i, J ) * 
h'Js'i't&SU K/1U^-C^*^^:h (x) ©a» 
IH7?CDMlHl->7 McS^KA z (i, j)*MJ>y? 
£#BELTAx (i, j) ;* hU <>^&^-rsfc*® 30 

j — l 



( " 1)6 j?o F ° (|jC " (i ' j * 



5 - (- 



£3 egn(«,a,J)) 
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<D W i SX ir y £ \zm$i^ tlfr A R A M 

/1U^tfctf#J§5£h (x) ICS^KtcRAMS JN 

(x) ©jK0^7 Mc*^«rlE7cx (i, j) ;*HJ 
^^^KX^n-tr^if^^teTcRAM^EL, RtcR 
AMGD&^O JfflCDTrx (i, j) ^hUy^fc n 

m<D7zz (i, j) ^hu^^ortoi^tu, mz 

yp-fe^iJ-^tejUb, 

tff*/XU^ft*2«»5th (x) Kg^KARAMS: 

(x) ©a!)HToiaia^7 Mca^#RA z u, j) 

;* bU^^tKEZ^D-tyiJ-^SBEA RAM^EU, 
iARAM^IrtOJfiOAz (i, j ) * h ' J *y * 
nfiO'Ax (i, j) ;* h U v ?<Dft(D 1 o <h V 

^if^^O^Ttx (i, j) ^hU^^^» KAUf>f 

tfca^sth (x) <DKisiHi^7 M^stJs^sns 

z, ^Dt^Ttz <i, i ) * HUy^ibTtEai 
U ynir^if^SORA z (i, j) ^hUy 

K/^UT--f tfeSt^Sth (x) CDKi^WBTcDiSlHl 
y7Ml^ft^n^X, ^Dt^^Ax (i, 

[iw»S4] ttz^D-tyij-ja, 



40 F q (x) M&F (x) == 1 og [ (e x + 1) / 

(e x -i) ] (Dm^it^—yB>tvx. 



(S - F^CL, J|) ) 



iC^O'^^Az (i. J) *HJy^ Hi* 



F(x)=logt(e"+l)/(e l 



1) ] ©1 
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F Q (x) 



5.00. 
Z25, 
1.50, 
LOO. 
0.75, 
0.50, 
030, 
0J.0, 



0 * x 
OJLO * 
035 S 
060 as 
0.90 £ 
L20 S 
L60 s 
2.30 £ 



£ 010; 
X s 035; 
X s 060; 
X £ 090; 
X £ 120; 
X s L60; 
X s 2.30 
x 



fcfflWTfeAz (i, j) ^h'Ji/^^ff-r^JltSr 

qW = EMi,} + llrw 

i-o 



lC*^K*&filq (i) £fr#£L. 7tx(i,j)=q(i)-A 
x(i,j)<C»^K7tx (i, j) ^HJy^fcfWU 

c, - sgn(<Kl^) 



t-rsfijfcjs i E«©«^sg. 
im i is*fc©«^8g. 

(x) »cx° ~x n - 1 &m*^mrtz>z.t.\z 

• iO^'Jr^ tfetf^JRiSh (x) (DfejS@->7 h^fr 30 

»/iu?-f<<aE*aiach <x) ©«s**a: (re 

ciprocal) h" 1 (x) (x n h (x - 1 ) ) lCx° ~ 
x" " 1 ta-ltSCttCfcOK/IU^Wtftlc^ 
SCh (x) ©KJ5»«-r©iffiia->7-h*ff*:'5C.i:*«fa 

[3t$9l 0] KXT'atyirli. £1ISB©EIBK 
*vvr. &*&«Q (i) KJfbTTWWtcRWJeSff 

ffi£JfcfM»*&«:. t*7tx (i, j) ^hUyfittA 
z (i, j) * HJy^&e^TS&SKHHaftfe 40 

[ItJfcJSl 1] KZ^n-feytJ-ttVttltq (i) **L 

tftff 45 Ct6Wlit*f*!l 1 oiE«©a^-g§. 

[0 0 0 1] 
[0 0 0 2] 



[ooo3] saM«c*iJ3t«#8gtt. 

-f;|/>—©Hi:*J«©flF# (sign) CgcK Vfy hSrfflV* 
TTW2dBe*«nTV»*. 2 7CiaB«F*»ffl 
[0 0 0 4] 

[0 0 0 5] *-0«f*iffil:T. 

(family) © 2 7CiSEWF#©*-^^t* <fc 0^< ©7 r 5 

[0 0 0 6] 2tc (n, k) iSlslflWSrb: 

ij— vfuntf— isa > (belief propagation) tcSt? 

fc. £©ek5tcfc-5©(i. 2tc (n, k) MOKF^© 
(n-k) frn5U©yi»Jx-ftftacfT5>J^, ##fc&tv\ 
5>y»*£*rT3?y. IP'S, ^DBfSl^L^t 

[0 0 0 7] Sfc, 1B*fc*MECTja^tt***»Sn* 
«fc 5 IC 2 7taffi[§l&# £ If «J — 7 -Juntf— -> 3 > (bel i 
ef propagation) KS^Rttffltt^ftfll^TflWT* 

[0 0 0 8] -tUT, £<©S&3i&BflF# 

[0 0 0 9] SEfc. fU-77'n;ty->3 
> (belief propagation) lc2frcK R*3!(fc*»*fflt»T 



( 4 ) 



2 7CiIt5|fJ#£«^L&#fr«&*£#-5 - t*tT€^>« 

C <!: * 1 M ir-T 
[0 0 10] *^tC«t^«#gg«. /-f X*<3S£LT 
V^jim&a^Ox-^X h 'J— Aft. ttJtkV h (es 
timated bits) ^^rr&fc^GDfc©"^-^ tZ$$. Z. 
©x-^Xh'J-Att. /^X©f££lxTV>-5jiffi8&ft 

[0 0 11] 

[Rgft#*-r*fc«&©*ai .kGBm&srirrsfcfe io 

fc, *»WO*#»tt. ZXn-fc 
ytf\ xyptyt. Rtf. *^&«1MM?&ft#LT 
US. 

[0 0 12] A^fSIl i^O^i^n-ltLT. 
5 J -5'7.h'J-A©/'fXft^tlS«fllr (i) 

bju\ijt. iHWiPiwfint. ttauamicjkrjK 

"r*/t'J?-ffc*2"HSth (x) tftSWi*. fe/t'J 
^*«E3HHS:h (x) «. J«©#-£n«***LT 

[0 0 13] X*-7tt, /-TXft^tr&g«<»r 20 
(i) ££*£©«£:&«>. *Stft#«iJ>3«JtLLR 
(i) tLTffiW5. 
. [0 0 14] Z^Dtyf(t jSO^j^J-ltU 
X. &ifi;&*Jffl©Jt z (i, j) /hUy^A^ftin 
ffiCDTtz (i, j) * MJ -y^ft^-b^. ZXn-fey 
im. z ( i , j ) * HJ y MM* 
JlOAz (i, j ) * HJ •y^7!r>'=>&-5n£&©A z 

(i, j) *huy?efMM"&. 

[ooi5] xXD-t-y-y-tt. &*&a<n@©A x ( i , 

j) ^h'J^i'^ftSniBCAx (i, j) / h'Jv 30 

fsgtjta. xyDtytn iAx o, j) *h 

Uy*£*8*IM>3«JtLLR (i) tCi-^*,- n<@ 
om&mq (i) ftttST-So X/Dt'vD-il lAx 
(i, j) *HJv*£tt***q (i) <htc*cf#. 
^ffiatjecDTtx (i, j) * h 'J y^Ji^^niiO 
7t x (i, j) *MJy*ftfH*-T*. XXn-te-yl* 
tt. K*t£fitq (i) K*^#n«©ltJe«Wliyh 



ft#H£-T-5. 

[0 0 16] ««^MMff^&B. &/lU5VtfeSE#HB 40 
3th (x) <75jI0->7 M£»tJ#*JCx (i, j) *h 
Uy£ft#KLT. Ttz (i, j) ;* MJy*ft£j0rr 

(x) ©i£JlKT©jSls]->7 McSo'i^A z (i, j) 
/ HJ 7^^EH- Ax (i, j) *HJy*ftffe 

[0017] c:co^iciti«> &<<Dmfc : £>M®wn 
©7 7 5«j-icait?<i8isi«F^ft. n— ©HWfcfcdift 

ta. tf'J — Vfuntf— i/a > (belief propagation) 50 
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[0 0 18]«#g§«. Hit. TtRAMtARAMtft 
^VZ^^>Z.tffim^.L^o 7tRAM«. XXo-feytf- 
CDffi^J <h Z7u±.yVV>\Jlti\Z&.m.ZnTXiZ>. A R 

[0019] fiHssaft«iffli#att. A7i$nfc«tri5«F# 

•*nRtfA*anfc^U5--f«ttE*JBah (x) Kfit? 
€T. ^jcRAMft J3«JnfTCD7WIC«ft^<t-rs, WIS 
£!AM9P^§tli. jK/tU7-<fttS£9G£h (x) ©iS® 

n-fey-y-'d^RTtR AMABEL. K*R AM©#yiJ>f 
©J®©?tx (i, j) *HJy^ft. nifl©7cz 
(i, j) j<h l J7^0rt010tl/T > KZ^Ot7 

[0020] s&. AJiztiftm 

«w»natfx*anfci*^U7 i -<«ttE*flisch (x) 

A R AMft n*T J 5>J<DT Is'f KHUfMCTS. 
*«Sa*«l»*a»4. tt/t'J7^ttftgHgah (x) © 

a»jia-c©iaii->7 hca^tiA z ( i , j) 

£ft&ZXDi:»/-»)-*>e,KARAMMiflEU KARA 
M©#^J|*J© Ji©A z (i, j) *MJ».y^ft, n*& 
WAx (i, j) ^h'jyi'CrtOlOtLT, feXX 

[0021] zLCDmmz&tux. *?ifmz isa^s 

ft. ft/h^O/N— H^iTtC^O^'JT^^tLT 

[0 0 2 2] fcU<«. a^ggte. ZXnir-y-y-tXX 
D -fe -y D- 1 ft ?B3£gl*W¥a «t ft 5V> l-ttttT AT. ft 
MKWUTV^CttfaaiU^. £©»&. fezXa-fe 
<y fiS'JOT FI/XtCT^AXlCjg^Snfcnfl© 
Z, XD-fey-9-ft^b, texXa-tr-yim. fllBUOT H 
l/X{CTRA*X^iKStlfcne©X, XD-fe-y-tJ-ft* 

X, Xa-ty9-^e>©M7rx (i, j) y*MJ>y?ft, 

fe/iU7-^^*^3ia:h (x) <DgEistHi->7 htcs^ 

MatiiZ, Xa-fey-y-'VTrz (i, j) /HJ-yf 
tLTSEtt. gZ, yD-fe^-itd^CD^A z (i, 
j) yh'Jy^ft. W^Vy'^^k^m^.h (x) <DiS» 

'vAx (i, j) }L h 'j 9 t. lsT$K$k'T ; £>fctb<07 H 
U-XtrW^aftWUT^-S. 

[0 0 2 3] CWfilfiRir.fcn^ *%K(CJ:«.«^gg 
ft. MS©ilWl7U-)U^^<tbT^X#^. 
[0 0 2 4] ZXa-tr-y-y-ti. 

S - (-iff F 0 (K(i, j*. 



3-o 
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Rtf, F q (x) W&F (x) = 1 og [ (e* + 
1) / (e* -1) ] ©if<|yt-i?3>itT, 
- (-ir* 9n ^ li * S> (S - P Q (|«.tU 3|)) 

[0 0 2 5] CO^fCtnti. Az (i, j) *hl> 

:/n-t etTic^sn^MiacF (x) =i og 

[ (e* + 1) / (e* -1) ] Ofi^{tA--i?3> 

O10; 



F 0 (x) - 



5.00, 
2.25, 
L50, 
LOO, 
0.75, 
O50, 
0l30, 
O10, 



0 se X 
0J.0 S 
0.35 s 
0j60 «s 
0.90 a 
L20 s 
L60 * 
2.30 a 



x s 035; 
X *■ O£0; 
x a O90; 
x ,se 1-20; 
x s L60; 
x a 230 
x. 



o t - sgn(q(i)) 



[0 0 2 7] iX^-7d«fflU5i£Se4//^Xlfi 

g&x^ wu&^No hmis^z.£fim$i i>\,k z\<nm 

UC±nK. " 0 " Xtt '• 1 " t? &-5Wt^ 1 x« 0 c 

jfi < & 0 -r u * o or— n— a -#%£-r * © £i£ 
[0 0 2 8] mxijmm^ me. R*©Hj£bfcia* 

[0 0 2 9] iR1t^^®J»^ett, |*/*'Jr--r«*# 
flSCh (x) lCx° ~x n " 1 ^H^tca-ltSCttCi 
0^/t'J^^^#3SiCh (x) KSfrtt 
fe/IU^W^S^SCh (x) ©fiR^JSit (reci 
procal) h- 1 (x) (x" h (x~ * ) ) \Zx° ~x 

h (x) ©ttii!«T©iS@->7hSffft'5C£a*Ja ! *U 
fi^Jlit t «F#ft £ »t . 

[0030] sfc. sx7'ot7fa. ffni!a©s& 

IC&^T. K*f£ttq (i) (C»LT^{ffiMIC?l«^«: 
^tcx (i, j) ;* MJ^tKA z (i, j ) * HJ 



sffl^TtAz (i, j) *hu??ett)rr«c&;&* 
«^t£nTv>ftv>«£<hK<^t*H-©«e 

-5. 

[0 0 2 6] KX^PtyfH 



10 



20 



30 



40 



qfcL) 



J-l 



j) + LLR(1) 



K£^£K»&<iq (i) £fr»U 7Cx(i,j)=q(i)-A 
x(i,j)tC»-Sf#^7tx (i, j) ;* HJ-;/*£irffU 



50 



.to, «^i^-£Wcifflti3^s;i<hft<. «^£<fc 

tt*&ttq (i) ^b#V^T*e^.TV^^gd^lCS 
[0 0 3 1] Jij^bfc*^©!^, Rtf. 

wT©siig©^©fH«{c«ko v mtt<Dmm&&m 

[0 0 3 2] 

•o^t, ^#©EffiicS-sr€itt^-ra. 

[0 0 3 3] HI «*:%^©HM©^iCia«^il 1 
©tStgW^^^-r^n-y^HTS.^. «#SKt A 
^jj.--yh2. (scaler) 3. X^Dtyl^ 

[0034]tt#SlH y-fX«D55flfebTVv*?-^> 
^;P$r^LT)Iffi3nT#fe5 r -iS'XhU-A©2^nei 
n©©fll^t*u/r- (estimated bits) 

"0" ^ M i" ^n^n 



<hL,TiHM$tl^) KmX'V7 hJimS. (one-side 
d spectral density) N 0 ^ff^iOffiWaM^X/i' 

x (awgn) iirngs^TfT^^nTv^i^-r^o 

[0 0 3 5] r-^Xh'J-AH 
MiCT2«i (n, k) «F#ClC*tJ***<OW# 



( 6 ) 



m^tmx&mtznz. z.z.-c. mms&T-fxh 
v-&zm® (n, k> nnc\z^^mtt^vm\z 
owe, mm\zwt.m-rz>. 

[0 0 3 6] mm (n, k) flF^CKt. Uffi^nT. 
3u££JS:£g (x) i/l'J^&tt^JSith (x) = 



H = 



ho 
0 

0 

0 



0 
0 



0 
0 



[0 0 3 8] (1) ©/VJ^W^SffyiJH©#ff»C 
tt, j «0#-feTDS^-&*nTVi-5. ^iS (1) ©/I 

x' h (x) mod (x n -1) (CC 
T. j=0, 1, -, n-k-n?g5) . 
[0 0 3 9] #^8§«, BITOi'Jfc, ^-^XHJ- 

(k-1) <omm^^.m (x) =m. 
+m, x+ — +m k - , CD^Sc 

£ GF (q) 

^=0, 1, k-1 

t&&) . mmwnc<D&ms'mj&.c (x) «, t»$fi# 

JUiSm (x) K*rJ&LT^&. 

[0040] s-r. ii©xf"^m mwao^'> 



20 
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(x n -1) /g (x) =h 0 +hi x+-+h* x k 
[0 0 3 7] 



0 0 

... Ij^ 



0\ 

0 

0 



(1) 



£=0. 1, — , k— 1) . 

«. JUTcO/tU^-Y^lEcOH#(cJ:0, (n-k) 5lS 

£=k, k+ 1 , — , n- 1 

[0 0 4 1] 



k,k + 1. 



,n - 1 



[0 0 4 2] ddT, tiamtGF (q) JiTff^n. 
® 

ttG f (q) ±.<z>m»&nmv. 

(*-k) 

mm0)ff¥(O j mB<omm (entry) ^MLTV^. 
[0 0 4 3] ±5EbfcMlll^C?rffl^fc^M^^ 

h (x) Sffl^TffWWtCffton-S. ff^ft^k/nrt* 
0. 5i:0fe^:#^iSia (n, k) f^cttL-Ttt. ® 
mt\t. x" - " m (x) &±l$.&m£.g (x) T'l^^E 

110 10 

e - 011101 



40 



0\ 
0 

110 1; 



[0 0 4 7] ^ y-t-v 5 
m = (m 0 , 



[0 0 4 4] /I'J^W &2#JSith (x) Srffil^TWS 
MtCfT^^-Cfe. ±fi£^JSi£g (x) TW^gitCcfco 

Tfr^*^-rfc. ^i-rticD^t). n^m^.<o%m-i 

>#Jk SlOcOn- kjlco^ia:«5T:fi->>^;i/t^:-5. 
[0 0 4 5] mtVT, h (x) = l+ x + x 2 +x 4 

5^tfc^fr^JH££<i>L£2 7tiflE] (7, 4) A5>y 

[0 0 4 6] 



(2) 



e-(c 0 



'i » 



c 6 ) 



( 7 ) 



11 

a t = m e (*=0, 1, 2, 3) 

[0048] 

C 4 - C 0 © © C a 

C 9 - Ct © c, © c 3 

C 6 - c, © c, © c 4 

£>S««te> 2Stc> 2 7ciSIU (n, k) ^CKPrr 
(x) «F^«. /1U5Vtfc^^*<^&OteB 

[0 0 5 0] a§Sl(DA^7h2H CCD^olc: 

#;MBr (i) 0^N^lT> 
X. \JlZL~yb2\Zte. SffB^tfffin 
^27CiSHl«F-^C<D/^UT->f«at*]SSCh (x) O^Sc 

(OttSfctt, ggTCJ+2, *>L<tt* « (J +2) lo 
g 2 nk'^rtM. /I'J-TV&St^SSth (x) 

ftN, t e P &STH3tfflfcA**nSct'5lc:bTt><t 

[0 0 5 1] XJl3i~y b2\t. gm^fcmr ( i ) 
( i e { 0 , 1 , — , n - 1 } ) $:Xy-7 (scaler) 
3^ii!fflU /^Jr^ftt^ah (x) &ffittR£iM!l 

A*3.-y h2tt»#«nfttfE*B*B£«N 
iter*. X^Dty1f4, IMISEiMfl 

[0 0 5 2] X^r- ^3te> A^-7h2^5/-fX 
<Z)gUofcSmfiir (i) fcj»fint«*D, ie 

{0, 1, — , n-l} tCO^T, /-f XcDfiUofc* 
Sflfgr (i) tC, /-fX#«N« /2 (=a 2 ) IcE 
Jt«-r*5SR4/No (-2/a 2 ) S»Jt5. X$r- 

(i) co^^Sit (likelihood ratio) (logari 
thin) , BP*, tt&^Sit (log-likelihood ratio) 
LLR (i) £ UT^ffiUad^T^o dC0Xy-^3O 
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[0 0 5 3] 



12 



LLRfl) » :q* 



N 0 



[0 0 5 4] X^air-/1t4«, X$r-^3#>£<£>LL 
R (i) flWB^IMfcX-y h5*60A a -*b 

Uf>(^S^h (x) t«F#»ntfcafi^*, 

OA, HJ>y>£:A x -^bU^^iLTXyPt 
^^4^<t^lEt*^>o 

[0 0 5 5] 1IMR^flM3L=? h 5 \Z#W2>* b »J y 
^©***tt»4, jBH«WC0)iK«/^Uy^lftalEfTWH 
c tcnfcBiatJttsnfc^-^— (Tanner) ^ 

§o mm&mmw^-y b s oiw«^r^ u ^ 

ff^J«> HUB (n, k) t9#C<D/VJ5^tft*frOTH* 
kfrtSKUnfrn^jOfr^JSGF (q) J:lCf££ £ £IC 

j;oTM$n§. com*]*, bit, aa/tuf-f* 

[0 0 5 6] {aj^lT, 2 5cifilHl (7, 4) A^>^ 
[0 0 5 7] 



0 
0 

1 

0 

1 



(3) 



[0 0 5 8] -£l/T^5A5l:, SP*_ £*lfc&fTCD 
B*tt. /1U^^^^SC^WTO®lHl^7 h : x 
n ' k h (x) , x n " k + 1 h (x) , x n " 1 
h (x) (DflWSre**. 8^1U5^4ftSfr*JH. On 
flOfirtt, h (x)modulo (x D -l) fct>3± 

■rntf, 4s«/^»j^**ff5»jHeomi» i&ioo 
aauav^hx 1 h (x) i:«toT4«$n§. 

[0 0 5 9] a*©^-t-^5 7Rtff n & t/^ U f 

S4$fFfg4, 2 9 5, 2 1 8fl:ff»SnT^SO-C, 
flMtXlMHSn&V*. ^-t-y?7»t «F#H<0** 
OttlSSta»OflF^ (code nodes) d^ftSlfi 

50 jS[ (check nodes) ^ 1 ifi<Z>tfefi,&££fiB*.£:— 



( 8 ) 



13 



^SK:flitooTt>*«£l£©#-> CD&a^KlJ&lftS 

n*. «F#^«htfei£^t©m«>^«> tfonuf-f 
&3tfr^Jrt©#IMfDgiii©&Bi;:<fcoTtfc££n*. m 
*fc£. @2i;, 27ciffilHl (7, 4) nno^—r- 9? 
7^5tlT^5. ft^X, ~X 8 -fctfcSt^Zo ~Z 
2 tCHOifitt. (2) T^3n*/1U5Vfc3§t 

ff^JHrt©*-bfD (BUS, 1) ©&&©{£« l£«J:-?Tifc 

sesn*. 

[0 0 6 0] SS^/IU^W^aEfT^JH, KH&tttt'Stl 10 

03 (a) . 3 (b) . Rtf, 0 
4Sr#WLT^Wr«>. MHf^l (O^m^n) ©S231 

fciJUT. 03 (a) te, IOCD— fiSMJfetfeS^t-?-© 
«&©& (parent) &J»A&tf^3nTV>*tt¥&K 
LT*5 0. 0 3 (b) 10'©— 
«&©7 (children) ^Slt^iSnTV^fill 1 * 
^LTV>*. r^T. ix^modu 1 onttS. 
04K1, 25£iS@ (7, 4) /\5 ^ft^KSTf *^i£ 

(3) ©JSSg/tU^fT^JH. icHSf+tte»nfc^-^- 20 

0 < t <n\ZttV* z J+ , -* 

[00 6 3] ( j ) <fc^©1tiSc©gif3F# 

&t<Dmm\t* /tu^-ftfefE^scx' h (x) ©#-t? 

(x) ©n®©i&II|->:7 Hctott*#i?a«Sclc<i;-DT 
#£3n*. 

[0 0 6 4] ^HUc. $>*4#5£©£F^&x, <h^-©*£& 30 



2002-118474 
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[0061] fcffi/^jTVffcSEfr^jH. icsitttw-sn 

fed'-: *— ^©lOWtfcSEiSZ, (j = 

0,1, -. n-1) £*•©«*©«««£ 

t©m©^«> 

Z J ~* { X U ' ^^U ♦ " " " • X i«, } 

T^n*. t£3R/iy^tfeSEfr3»JH. dtjSlHl«ig&b 
TMitiD. S^&modulo ntLT. * 
©&££ 

Z ) + t 

•T?mt<tXZ>Z.t*mfrn2>. 0 3 (a) ir 

z j + * 

i^©«Sc©^«F^t©-J!SWft^tt, £TF©.fc5 
l£*£n*. 
[0 0 6 2] 



T7K£tl-5. 03 (b) (C^f.t'StC, #:&©&^J& 

Tj^n*. 
[0 0 6 5] 



Z Jl » Z J2 » 



»„+<} 



[0 0 6 6] cntt. ttfc/t'J^tfcalEfTMH. ©W'JM 

(x) ©£T©. HP^. ^nfi©iSyiT©iSlHlv'7 h© 

-5. £©)fc©, (i) ^StfflTWbS^ 

©Jfttttt. /tUT-^ttSlE^qiAx 1 + " " 1 h 40 

(x- 1 ) ©#-£D«»fc£oT4$jrr*::ia*-c* 
-a. tMrrnwc. ±t©^^a^^t©^^©^ 

&1ttx" - ' h (x- ' ) ©nIl©iS®->7 h 
1:0 £ I £ n - 1 



[0 0 6 7] «NBS!*W»3-=y h 5 14. it. - * h U 

,-/h'Jj»J*. X7*Dt!/1r4iZ7 , Dtyt6i: 
©IBTSJift-ra. £©3«&te> Ha/tU^MEfrMH 

ton*, ^uf, X7 , atyir4A^S0U^i:LT 
tMEb. zyn-fcyt*-6!S*«*©tft*jflltbTtBt&r 

3gS;h (x) ©ntliIlal->7 h©=&>-7 h 



SIC. X^a-fe«y+»-4J&i*HfP®SS 

x ii+*' Xia*/' • • • » x iw,+« 



50 



Z J + * 

*. ttffiB£8MMW-3-— -y h 514. /t'Jf^ftt^ah 
(x) ©ffi|iT-©nlfilji«lHl->7 h©=&->7 h 



( 9 ) 
15 

1:0 * I « n - 1 
z ji*** z 3i*«« • • • * z 3**+t 

tc#bir»b£:A z> h»j ^n*>£. 2t 

[0 0 6 8] 1SS$Jft«»a-yh5H /VJ^&SE 
^JSSth (x) lCx° -x n ' 1 <Do*><Dl~D&m&& 10 
ttW<utlCJ:oT, AU^tfttt^^h (x) CD 
n®Ml§l>':7h£ife5gU AD5VtfcS^S5£h (x) 
OfflS^SC (reciprocal) h" 1 (x) (x n h (x 



) ) \Zx l 



1 <Dot><Dl~D&mkm*tT^ 



<£<hlCJ;oX. AUf^^«Sh (x) CDj£JSX 

[0 0 6 9] »:fgtfcJ:^l:> 2tc (n, k) i®[H 
«F^C0 (n-k) frnMAU^ttSEfrmt* A==>^ 

M^J^ttTi/^o (2) £>AU5V 20 

(belief propagation) ^S^<SSS«^. S*r 
[0 0 7 0] b*>U AU^&Sfr3*JH£kfrS£3I-r 

©as >^fi*a**€r <&"■&. mmtt^c <Dttm 
cnen aT«c*-r/^u^>f«SE^a:h (x) 30 

[0 0 7 1] w h - I {i;hi^0, 0^i^ 

k} U cct% I s I =*€rs«cfttt*B*o*T* . 

£0 iSIU (7, 4) A5>y«F*»KOlr>T0>» 

w r — w c =w h = 4<h&<5o 
[0 0 7 2] COJt'5^J<Z)S^itx.^)Cl^«, flF*l 

tU fcf , J-7^ , 0/^y—>3> (belief propagation) 

jc»^<s*att#^,tojft»K:iMpr«Jit«r**"r 40 

[0 0 7 3] SPXT, »*AU?-f ««Eff5»JH. 
3B*nfckfftt. ftfflcDn-k±lc#bX^BtCt£Sb 

-77 p pW-'>3> (belief propagation) ICS^K 

SfiWJ: 0 J: < Iftt 5 ^ Snt^S. Z 50 



2 0 02- 1 1 8 4 7 4 
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Sfcft; fcf U — 7^a/W- ^a> (belief propagati 
on) Ctt?<KflaHK*tt. *«/^UT->f**ffJ9H. 
KBiaftlt6tUt^— ^- ^77±OW, /tUf>ft 
affMHKlH«ftit6nfcTannne r^77±J:D 

[0 0 7 4] «#Sl©»f^«C^ViT«tD»3BKC«?BT 
* e ftf, flHB»«IPa2yH5tt, ie {0, 1, 
n-1) . j€ {0, 1, J-i) fcovrc, 
*HJy£r», (i, J) Xir-?3*60LLR 

(i) ©ftfcfcMMfcU *MJyfA. (i, j) £0 
CttttflZTS. *UT, ie 10, 1, ~. n-1} \Z 

XOffll* (i) , I. (!")*• 0fc*»IMlrr*. 
[0 0 7 5] ««a£*«»aL-y h5tt, i6 

{0, 1, n-1} iCO^X> £tTO*ffi^«t0* 

fca&otttjft;* * U i A - ;* h U v * fcft© 

[0 0 7 6] X (#*!;&) frt>Z ^<D&$Bl\Z 
SITIt «f«K»ftlW3.-!y h5tt. jelO, 1, 

j-i} ic*fb, tfeat^^u-rtic 7r-^hu 

tc 2 (Px ( i , j ) , I x (Px ( i , 
j) ) ) = (i, j) * Ix (Px (i, 

j ) ) = i x (p x (i, j)) +1 <h&£<k? 
\Z* te*frT£>o CICX, Px (i, j) WU ??^x, 

^^§px (i, j ) ^ou >^£^-r^f&x& 

[0 0 7 7] Px (i, j) tt, /1Ur>ftt«#«Sh 
(x) (3D 0fr<BK<O) i #BC0iSH->^ h£«bXt> 

<>^^^XtbX«tEL, Lfc^oX> I^OWF^ 

jfl©**jai-«i**nx*o; i»ot, j ©i« 

^T-f >x^^XX*^o «-^^C i iC^LX, Px 
(i, j) ©Hli0*>5n- 1 ^ti^D, Px 

(i, j ) a)tttttft*ja**"rofcffl^6n*. 

[0 0 7 8] Z (*3iEjft) *>£Y (fiF^jft) ^^HJJSiC 
45V^Xtt» «Wl2!afc*lfP3.-y h5tt, je 10, 1, 

J-l} (C*fb, A-*MJ^£r, HWjft^^U 
— WtC, A x (P z ( i , j ) , I z (P z ( i , 
j ) ) ) = A z ( i , j ) , I a (P z ( i , 
j ) ) = I 2 (P z ( i , j ) ) + 1 hfcZ>£v 
\z. &mTZ>o c:x\ Pz (i, j) tt> tffiz, 



( 10 ) 



200 2-118474 



17 



18 



[0 0 7 9] Pz (i, j) Px (i, j) <D 

mtmwzmmtstiz. t&*>^ p z ( i , n <om 
wu i ^o.**ja i t ztuz&wiznjt j «o«F#j*t 

He i tt2W©-f >5 ff y^XT»*0, j tt» 

[0 0 8 0] ^IT, Z^Dty*6lt O^j^ 

j) 

(HP^, S a (±^Jl a (i.0) * a (i.J - 1)) 



10 



ft<&.tr njflco^ h U y * * z ( i . j ) ft. MA^IftM 

hU^.jra (i, J) ftWCJflO'^hU 
y{7 X z ( i , j ) 

(RTfe , X.(l^ a (l,0) J - 1)) 

ft<&tfnffiCO;* HJy* A z (i, j) fttf-JW*. 
[0 0 8 1] Z^O*y*6»4, KT©S;fc*iJ*. £ 
ie {0, 1, n-1) Kim>T, *bVy9Xz 

(i, j) *Sl»t§o 

[0 0 8 2] 



Of&HB (Xtt. T*0, 



[0 0 8 3] x<0Otf sgn (x) = 1* 

x^OOitsgn (x) =0^0, I x I tt. x 



s - (-if 

6 «. (-1^*-* ■ BB, "« (1 * :J) >, 



(5) 



F Q (x) tt, 

P3$CF(x) - log[(e 



+ 1) / {e* - 1)] 



[0 0 8 4] £tT. WNgltt. Z:/0-fcy»6jJ*K 
TIC^Sn-5»^{tA*-V3 >F Q (x) *fflViT^h 
iJ^Az (i, j ) Offt-ffefT^il&ICJ:'!). *Tft 

-5. i5li, W&F (x) «T<t/t— S?g>F 
q (x) ttUftUT*UTV»*. 
[0 0 8 5] 



F G (x) - 



[0 0 8 6] xyot7^4H X^r— ^ 3#>6*gSc© 
JtSM^SJtLLR (i) utl^t. 
3£&$dfl?:a-— y |> 5*>S©A x (i, j) /h'Jff 
( £ :T^i|[X,W) J - 1)) 



30 



5.00, 


0 £ 


X 




0.10; 


2.25, 


0.10 


s 


X 




0.35; 


1-50, 


0.35 




X 




0.60; 


LOO, 


0.60 


s 


X 




0.90; 


0.75, 


0.90 




X 




1.2 0; 


0.50, 


1.20 




X 




3-60; 


0.30, 


1.60 




X 




230 


0.10, 


2.30 




X. 







40 



t&m^T* Sie (0, 1 
;* h U y 2 n x ( i , j ) 
^TS x (i)^[jt x (i,0) 



n - 1 } tCOV^T, 



ft#tfrr&. 

[0 0 8 7] 0 6 ICzRSn&.fc'dfc. 
te„ W&M (a-posteriori values) q (i) tWig 1 
Ot. *HJ**wx (i, j) n-ssi It, *je*ff 



1 2 <hft^TLT^£>. ^ftffi (a-posteriori val 
ues) q (i) tNHB 1 0 It. fti'lCJ^ h'Jy* 
Ax (i, j) ^trnJficD^ MJy* Ax (i, j) 

*|~>>#Jl/ ( r^tti^j ) <DW&*t&%>og.\t (a-post 
eriori log-likelihood ratio) T$>£>. n<@£)*&fi6 

(a-posteriori values) q (i) ft Vtttt 

(a-posteriori values) q (i) fftf$82 1 0 1&» ;* h 
U7^Ax (i, j) , fttf. X^r-7 3^f>I^nT 
■^fcJ*Sc«3)5ffJt (log-likelihood ratios) LLR 

(i) t£3St?^\ ^^fi (a-posteriori values) q 

( i ) ft, KTcDitT, tUTT^* 

[0 0 8 8] 



* x (±, J - 1)) 



(11 ) 
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(6) 



[0 0 8 9] nx (i. j) ^h'J7ft»Slltt- 
^hU^/^Ax (i, j) (a-posteriori v 

alues) q ( i ) J <i©* > 'J y * k 

x (i, j) fc-^tTnifi©;* HJ^rcx (i, j) * 

[0 0 9 1] H5£lH]lfcN, . « r fc'tt, X, Y^D-fe-y 

5«cne.^ h u ^ ^ *#iH-r^. K«©@$C#H5e£ 

eiif ^W^-t'li. /t-y^rA^Sfc^^-r. A— 
l70lift*tIC1-* u ijjltf 5. t>L<«, A 

tzt&\zfcm$:&±-?2>£.o\zl,T : b&^o L-;o>Lfca* 

[0 0 9 2] -B. 3f^lHl&©Stt^Ti-^t. Jt5g 
c t - sgn(q(i)) 

[OO9 4]07l£«. (7, 4) A3>^flF^£4[5] 

##ttT, C©^£O^(0^^ (ML D) iCi-Sf 
7 H7-l/-M:M5i-t>;W>l < (union bo 
und) (UB) %^$nxi^ s 
[0 0 9 5] @8~01 OtCte. 2 7tM[5]flMt£«*tig 
10^rffilCJ;0^bfc3>tf3.-^->53.1/-->3 > 

(Pearl' s algorithm) ICgcK RtSM^Sr. C^P 
^.MCfcoTSlfTLfc. 

[0 0 9 6] 08i:lt 2t£BCH (15, 11) ff*f 
Oy5ak-: ^3 >jS**^^nT^3 0. 0 9lCte. 2 
7CBCH(15, 7, 5) ^(D-/5al/->3 
#5rc£tlT:fcD, 0 1OlCte, 2 7nB C H (15, 5, 
7) U^©->5al/-y3>S*^tlT^. 
tbt, ^<Da*^lca-^<*($'5«# (ML D) 

/N*^>F (union bound) jjt. CtHbGDfJ^td^LTS: 

[0 0 9 7] 01 Ilea. 2% (2 7 3, 1 9 1) 11 
£ (difference-set) (DS) «F^^K^«^ Lit-> 



thfic-rs. #t-. *x (i, j) * hu -y^w-msi 1 

tt, &Tf<D&\Z&'3%. * h U -y ^ * x ( i , j ) £«- 
[0 0 9 0] 

(7) 

io 6 t 

ift5S88l2;o<, ie (0, 1, -, n- 1} ICO^T. 
(a-posteriori values) q (i) 9t&&10fr 
(a-posteriori values) q (i) \Z.^r5 

ft^i2(t &rf<D3:\zm~3z* llr^ (sig 

n) My hiUTn«©JtJfc«»fc!!y h^ftST*. 
20 [0 0 9 3] 

(8) 

fa (Finite Geometries) Mg-rK fiSffi/XU 5V 

: ??5£JI.RtfHft:£S&J!J £S£*U 1 9 9 9^1 
1 ^{CA»7-rcD^y;Wl/TfTt>n^:AECC- 1 3^ 
\Z&^T&m:2nrc7UV>T~i'3 >\Z&\,*T. Kou 
^>iCJ:oT^#tii$nfc2 7t:lt^M (projective g 
eometry) (PG) flF-STC**. 25t (2 7 3, 1 9 
1) M«-& (difference-set) (DS) *f#tt, *»<Z> 

30 (union bound) KB 1 1 JCtt^Dy h^nt^ftV^ 
[0 0 9 8] @8/i^@l 1 *TK*Sft**S»*Jt*fc 
T££, 01 0©BCH (15, 5, 7) flF^lCDWr 

40 [0 0 9 9] ^CiC. ^HJgO^^ct^tfU-yyn/t 
->3> (belief propagation) ,^^^<Stt^^^ 
f§ 1 KOVvtO«j£#!l£, 0 1 2 7!>^0 1 8 iCS^tlft 

«h, LLR;b7r35t, 0 a*^ 

yy4St. X-to-zeiBa^7h5 0At, 
Dir^it60<h, Z-to-xefS^r^hBOBthS: 
tlTl^o H13JC«. XP r D-fey1t4 0O«J5!E<DB 

50 ^^i^^nTi/^. 



( 12 ) 
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[0100] X- t o-zeS8zi.-^h5 0A«, tcR 
AMf&JP^5 IRtf tcRAM5 2 £#LT^£>. tcRA 
MffPJt&Pgg5 IteX- t o - Z T F 5 la^t 

LTV^ 6 *mg^ffiT«> X-to-Z7FI/X% 
4g5 1aH 015 (a) K^tlSJ: 

[0 10 1] Z-to-X0fia-7h5OBH AR 
AM$JW5 3Rtf A RAM 5 4 LW§o ARA 
MfMfflISg5 3teZ- t o-X7 Kl/A5££§85 3 a £W 
..LT^§. **I«f itH Z- t o-XTFl'XfS 10 
4g5 3aH 015 (b) K;S£nSck 

[oio 2] #cfc. i/U7W§gi ooifjf^o)— m& 

2>mm&£K). 2t£MIH (7, 4) >^?5*f lC<fc 0 

£<, fot, Ote, /^X£r^tr§«fitr 0- 

r h;^§flt> ^IT, «F^fi7<hAU7V 

^«^SCh (x) = l+x + x 2 -hx 4 £<DA^fc§ 20 
tttZo MXm^flir 0-r 6teA*— ^3 0 

icA^n. /vjf^ti#sah (x) =i+x+x 

2 + x 4 tt, X- t o-Zfi!ar7h50AtZ-t 
o-Xfcig^-*;/ h 5 OB^fcA^^tl^o ^f7« 

[0 10 3] AU^&£^£tith (x) tt4^> (J = 
4) <D#MfD^gc£*LT:fcrK £7c* f3F#fitt7 (n 
= 7) TNfc*fc», «WWfctfrt>TV»*4:€rK:tt, tcR 
AM 5 2 £ A RAM 5 4 fctt, ^ttl-^ti 7t RAMMWS 
5 1tARAMWW85 3l:<toT, 4ff7 5U<07U-f 30 

[0 104] xy-73 0ll /-fX^tfSfifirO 
-r 6©tn*WC, «»4/No (=2 /a 2 ) £ih 
Vt % Jtft^^ftJtLLR (0) -LLR (6) (LLR 

(i) % :uTi=0, 6T*§) 
?&)tLLR (0) -LLR (6) tt, LLR/b77 

[0 10 5] tcRAM8pJ»§&5 l^CO^XO^ h 

uy^Ttx (i, j) llr (i) ^twHMtsft 

<5 e ^JAtef, i=0CD<h^ 4O0^h'j7?«x 40 
(0, j : j =0-3£-T£>) ULLR (0) lC#J#3{L 

$n^>o A R AMMffK 5 3 ft04T©/ h U 7 ^ A z 
(i, j) C:Ti=0-7, j =0-3) te, O^s 

[0 10 6] »J»Mfc:<0«* 015 (a) CD— #±l£7rcS 
tlT^ic^d, 7tRAM«»«5 10X- t o-Z7 
FUX5E3fe«5 1 a**, /1U7-^ttaE£WB3Ch (x) = 
1+x + x 2 +x 4 C»«:tS7cRAM5 2if07FU 
X&SS4rr*. 7cRAM»JffllS5 1 tt, ^flSOTHU 
Xt£fi£^ ttRAM5 2*1:, ^hUy?7tx (0, 50 



j) -tcx (6, j) LLR (0) -LL 

R (6) ) &ftm~tZ>o HP*, tc R AM 5 2 <Z)HS 1 <Df\ 
( i =0) tt, /*U5^|ft*3WBSth (x) = l+x + 
x 2 + x 4 HMUT*D> ZCDtztb* ^St (3) <0tS: 

D«»tt> «SC (3) ©J£55/tU^>ftftfiff5»JH e <Z)S55 
lff^O, i=0, 1, 2, 4C0tefit-&^o tifoT, 
7CRAMM0S5 1HU 0-3<Z>ffi£g&£-f >fv97s 
I fcB&#W-&**S* tc R AM 5 2 <E>H£ 1 *HJ 

y&KX (0, 0) * TCX (1, 0) , 7CX (2, 

0) * tcx (4, 0) Sr, C<^flg#T*&^T^o 
[0 10 7] Sfcfcl, 015 (a) cr>^2SaJC^^n^ 
X-to-Z7FW»4»5 1alt AUf 
*fc*2WHStxh (x) l:»«T*JcRAM5 2^©7 
FV'X^no 7CRAM5'2<DSB2^J (1 = 1) 
tt, ;iUf-fM*«ixh (x) iC^LT^O, « 
St (3) Ojffl/^Uf-f tftaEff9»JHe (D^2fr^«fcoT 
«an**5T»ft. *ifD^Sc«, «St (3) <Di£3I 
/^U>^tWEffWH. ©*2ff*K:tt» 1 = 1. 2, 3 
Rtf5C!)ttIlC*§o IP'S, #tHfn«R<&ti:«tt* Mil 
ffB<Dfi:B^bTiSIilMlcS/7 hSftT^*. t£o 
T* TcRAMf&Jffl)2g5 ltt. 0-3O«SM>f:y 
^XHCWMW^^. 7TRAM5 2^2^J|i;, 
. * h U y £ * x (1, 1 ) > tc x (2, 1), tcx 
(3, 0) „ tcx (5, 0) *£©JB^tMfrf"*. 
[0 10 8] X-to-Z7H^»4»5 1a^ 0 
15 (a) \Z^$nZ>£.?\Z, /^UT^fcSE^JS^h 
(x) fc^WSaH^hiCiOTHU^SR^UTV^ 
£fH(C. 7CRAM«»»5 Jbifc©*l. 2Wfc» 

LTffofc^i£<tH— (D^ffitCctoT. 7C RAM 5 20 

msm^&mem (1=2-6) Mtu-c^Mi*** 

x (i, j) &#fET5. 015 (a) KSSn&X- 
to-Z7HUX?StS5 1a©IMfH Px (i, 
j) <Dm<D$£{t\Z*t&l,T\'*Z* CCO^S, 016lli 
Zn&XolZ., TcRAM<^4fr 7^JC0TI/-T4 3 ^^ hU 
v9nn (i, j) tmit&n*. tc RAM 5 

2$*<D* hU vZkx (i, j) ti> ^hU^y^TCz 

(i, j) tbTZ^a-fery-y- 6 0^316*1*. 
LT> 01 6 4>C0tcRAM5 4(7)Sl^>J (HP^»> i = 
0) *fflWt, ^hU^^Trx (0, 0) ■ tcx 

(1, 0), tcx (2, 0), tcx (4, 0 ) ifi. 
U^y^TCz (0, 0) , tc z (0, 1) , tc z (0, 
2) , tcz (0, 3) O^M^n 

[0 10 9] Oli, tcRAM5 2 

0) i §gCD^lT\ B.O j SgCOfTtC^^fit ( i , j ) £ 
tcz (i, j : :CT\ i =0-6, j =0-3) tL 
T«t>. (4) M^TA z ( i , j ) ^M^T 

So «*.tf, zynir^lT-60^ 7cRAM52C7)^l 
^ij j =0 4 , C0 4O(^ffi^TC z (0, j :Cd7rj=0 — 




23 

3) tLTfflVVT, Az (0, 0) , Az (0, 1) , 
Az (0, 2) , Az (0, 3) £ft*-r*o 

[0110] 015 (b) <£>— #±fc**nT^£«fc'3 
\Z. A RAMIJW5 - t o-X7.Hl/X%48S 

5 3all AU?-f1tt*«ax T h (x~ 1 ) \Z*ifc 
f§ A R AM 5 4 W©7 F l^X $%4t^o ARAMfrJ 
ffl!§85 3*4> ^n507h>Xl:»URAM5 4*id 
Az/h'J7f (i, J) (-^ i=0-6, j = 
0-3) SfltffrT*. BP'S, ARAM54C0il?J (i 
= 0) *4, /lU^t&g^Stx 7 h (x- 1 ) \z*ifa 
LTfeD, ftoT> ^SC (3) 0&^/XU5V&£fT?U 
He <DMimz*ifaVT^2>o #i?o«jBctt. 

(3) G)ifc»/ty^l«fTaiH. O^l^J^O. i = 
0, 3, 5RtX6CDteB(Cfc^p fi£-pT, A RAMSfl 

ARAM54^1«aiI, ^hU^JAx 
(0, 0) , Ax (3, 0) , Ax (5, 0) , Ax 
(6, 0) ft^OJHTttlfrr*. 

[0 111] *fc. miS (b) 0^2#B(C^$n^ 
cfcifc* X- t o-Z7FWX«£»5 3 att, /^U^ 
^fctt^jfcx 8 h (x- 1 ) fc#Jfc-T*ARAM5 4 
^7Hl^X^4t§ 0 ARAM5 4©S2M (i = 

i) «, /ty^*a£3w»5Sx» h (x- 1 ) ic*rjt*b 

T*59, ^ (3) ©tt«/XUT->rfc*fTMH. ©»2 

(3) ©ffi»/VJ<r-f fcfifrJUH. <0*2jy4«<0* i = 
0, 1, 4Rtf6<0ffiBl£**. HP^> *1fP«*©ffi 

B©fi«^6iKHK»C^7 fct> ARA 

MMMS5 3I1 O-30l6SM>f'^XH:B 

x (0, 1) > Ax (1, 0) > Ax (4, 0) , Ax 

(6, 1) *£CD«T**ttittTS v 

[0 112] Z- t o-X7Hl/X»485 3 a#, 0 
15 (b) £5*£n«J:9lC. AUT^W«ax 7 
h (x" 1 ) fcfi»*Ii->7 M£«k0 7 FU;*£9K£ 
bTl^raiC, ARAMSJW8B5 3tt. ±iB<OfB 1 » 2 
W»C»bTfro&*tttB— ©*ttiCJ:t>T, ARAM 
5 4©aDOi3?i^6S6?iJ (i=2-6) tdfcfLT 
^hU^Az (i, j) £#S2-T£o Bl 5 (b) \Z 
SSn*Z- t o-X7HUX^g5 3 a<D»f^tt. 
Pz (i, j) <DttO*{tfc*HSLTv>*. 
mi 7 \Z7jk~£tlZ>J:o\Z. A RAM 5 4 (D 4fr 7 &1<DT 
Hl^h'J^^Az (i, j ) jMMftSn*. 
ft, ARAM54*(0^hU7^Az (i, j ) *4, ;* 
FUyJAx (i, j) iLTX^D-feylM OKSS 
-«tLT, SI 7*C0ARAM5 4 ?U 

(BP%, i=0) SfflWt, / h'J^^Az (0, 
0). Az (3, 0), Az (5, 0), Az (6, 
0) tt, ^h'Jy^Ax (0, 0) , Ax (0, 1) , 



13) W «M2 0 0 2-1 1 8 4 7 4 
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Ax (0, 2) , Ax (0, 3) il/TXyDty»4 

0^i££*t*o 

[0 113] ftfSl 014, «T<0#ftfc«v^ S«0 

y:/*fr3. X-ZD-feyU- 4.014, ARAMS 44>CT)i 
*k jfT<£HB£> ^hUry^Ax (i, j) (CCTi 
= 0-6, j =0-3) £LTJBV>, (6) 
T*&Mffi (a-posteriori values) q (i) 
U X. «ft (7) ejBtvr*hUy?ffx (i, j) 
10 eMPT*. X:/n-feytf4 0»4, A RAM 5 

4 4 l <£>mi^Jn = 0CD4'P<£>«£, Ax (0, j) (C 
CT, j=0-3) tl/Tffl^T, (a-poster 
iori values) q (0) fttWU / hU^«x 

(0, j)*»»-r*. X- t o-ZHlKj! h5 0 
A, zyntyf6 0, z-to-Xg*aryh5 0 
B*4, ±jfibfc» 1 ©K«OXf y ^tH-Ott 

[0114] e«*«bj£<be«ihi»n, t e r mfft>n 

fctfc X7 p Dir^^4 0t4, «3t (8) 
20 «F*fhfyhc i (i=0-6tn) £ife5£U 

4 0*4, ftttJ^jffi (soft output values) q ( i ) £ 

»4, *#ft*nfcify h©«*ttfta-r. ip^> q 

(i) ®|^flW:fc«<ftni^«»£. Kyhofti 
tttti«<&*. q (i) CDfilte, tt-^«<DH*-e:&aH 

[0 115] 01 8\Z\Z. ffi2 4>£ttffl£J:*/^?WI' 
10 0 ^$tlTVi-5o 1 0 0 14, n<@(D 

30 xyot7D*4 0 0 0 -4 0 0„ - , nWZ^D 

0Oo-6O0„-, L 7 puxnikL—y 

h (ACU) 5 0 0 ££WUT*5?K cnSte^TA^ 
X 5 0. 3 t 0 4 t l:»tt$nT^5. 

5 o 5 0 -5 o 5„ _ , ^»»6nT43D> -^n^n 

3fl«, X^Pt7t4 0 0 0 —4 0 0„ - , <D&* 

l/^X^5 0 5o — 5.0 5„ - i 14* 5>U 
7J^S1 0OA RAM 5 4(0«»<oaa:^5iJ^ JtlK 
ITI/^o l/yX^ 5 0 6 0 -5 0 6 n _ , ifi 

KttsnTfco, -eti-ena*, o o 0 - 

40 6 0 On - i ©S^tfttt^tlT^S. l/yX^5 0 6 
o -5 0 6 n - i *4, y'J7MfSl OOttRAMS 
2<35tt»©a&SW^iiBbTViS. ACU5 0 0&4X 
-to-Z7F 501^Z-to-X7h> 
X»485 0 2«tSlflTtet), £n6<E>&figte, 

wicrau -tn-en, isi (ommmz&zx- t o-zt 
Hi^^5ft*»5 ut, mKommmiz^^z- 1 o- 

X7HUX5S*»5 3 atB— T»*. X^D-fey*. 
50 ^JH e «CHitWt6nfc*-dH-if^7 4«0**Ojft© 
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l-Z>\Zttfcls~C^2>Z.t. Rtf, ACU5 0 0lC«fcoT 

it*. 

[0 116] isVTAWWl Ott. /l7WMK*Sl 
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#*, 10 0 <Z>#J$*->'J 7)\s&n& 1 0 «fc 

[0 117] 

[«1] 







ft 






2n 


2 


(2nxJ + 2n)xN 0 




2 


2n 


(2nxJ + 2n)xN fl 



[0 118] ^lfcffeWT, N, te. * HJy^fcJIH 

J^©£fc£ft£-f£l8U::f4, tS^28*©£T<Z>* h U y 
9. BP*. MMK^e.»*ltrLLR (a-priori LLR) . 
MLLR q (i) . Rtf*. A^MJ^Ji*. ±T 

[0119] mz, ^m<Dmmo^mmiz-D^xm.m 

®.®o&itq (i) IcS^^M&SWttf&Stl 

sM9j5g©W4. mn^Mm^mvxm^ntz^ 

[0 12 0] dCT. AWGNjlM8S»C*ilt^)2 5t;j|im 
£&5rr£. §iSftfc-»*l'ttr l =s 

gn (r, ) I r, I ->>#;Vr, ©ft 

£tt»4. 

H>T5£©l<^V>ffiT£j@*.3. BP*, re 1, >TT&£ 

;HC«*ft**6tlfc»^ja**, ]S««ttfiCB (highly r 
eliable position) (HRP) tUTl^Sns. 

T}Tt»n5. ->^r, ©Jd!¥<J5£(4 
Ci - sgndi) 

[0121] sm^ttfig mms.) vm&tfmftz 
n. jt**-r*s«^>#;i/3&«-€-n6CD«*i3e (hdi t 

KWfcSnfct, *MJy£riex (i, j) (0=Sj?S 

j - 1 ) <Dm±tmm i A x i a*, itaawtr-y h 

c A => sgn(LLR(i) ) 

tUTO««a«IMlO«Wi*fc, «Wj«*Jjt (BP 

*. x7"Dt5-f6) frzmJrztiz* ■« 

fiMHttT**£Jttjrc**fcii>. ttdcj^WfK (BP*. Z 
7"Dt7*6) tt. F ( I I ) ©fc&JEL^ta-frTttS 



flftf. Cfttt. F (x) 0ftlfefl»6. F ( I 7t 

max I ) =o^#e,tx-&*^T*s. HflHtK&fct? 

Ttt. S^t;*n*:W&£/flV>. fitF Q ( I it 

max l)=0. 1 £HRPlC*fLTH;£LT£«ifig 

[0 1 2 2] &gj£fiifi*: (BP*. Z^Dt^f 6) 
14. (BP*. tCttT^A*) 

20 ffltbt. &mm&®m\zmmtttt*>tirz* Hjy?e 

yZcDmnZfTOlz&fzr). &*)'>ts.\,^%*ft%.&& 

jft»jafc4SW* A * h U v 9 ©*Sff \Z m£ © ti: * h u 
*^*-e-a:^T?»tJ. (4) . (5) ©A*h 

30 u^^cDth»tc*3v>xi4, -Rt>otc. mmm&&m\z*i 

L T 14 F Q (X) ©g/h#[i0^t'ffl^6n^). 
[0 12 3] tt*tbT, iiSm^tt&BtCO^T©^^ 

h u vzmmzm-?z>mft**m\zw.t> 

BP*. 7-f XUi^jU-^l/N. d<fiVit^fCl4. 
«fiKffl©X^&Z^Og*gtCOtiTf4ra— 

40 ifi&&t;vs.ts.<tzz>. z\n*><omit> ^*ft5£$nxvi 

^>^e»T-*^>. Z.<DXTvZf\Z* i=0, 1, •», n- 
1 tCOHT. je 10, 1,-, )-l)RZfi 
P z ( i . j ) £ L 

[0 1 2 4] A, (Pz (i, j ) , 1, (P z ( i , 
j ) ) ) =A, ( i , j ) , I , (P z ( i , j ) ) = 
I , (P z ( i , j ) ) + 1 

[0 12 5] C £T% LteS5«!fg'&&@<ZK >f7^X 
50 cDJ6-&T-&£„ 
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[0 12 6] 01 7<D&i&m^Z>£> n = 0 

\t. *FUy^Az (0, 0) . Az (3, 0) , Az 
(5, 0) * Rtf> Az (6, 0) ^hUy^Ax 
(0, 0) * Ax (0, 1) . Ax (0, 2) , Rtf, 

Ax (0, 3) hVTj£t>tlZ>Zt\Zfe^ 0 
[0127] @19H iSfflStttee**-rfc*0«& 

©Sfc*L€rH*T#. 4lHlKtt^fT«5 27CBCH (1 

5, 7, 5) ^OEgaSfOX^-znt-^^X 

T, ^OA-l/*>y- 7 7V- (bm) T^UX 
P (union bound) (UB) fc#**HPn 

^nxv^o l*vm*t=i. on ssm^ttffiui^ 

fflV^V^KffiM^^/^^^-v>XJ;Drcofc0. 1 
7 dBL#>&inTV>&^l 0" 4 tV^t*7hX7-l/ 

ftttnH ¥*3 5 0*<D|fcBfc*5V>Ti«V> 

/U^-7>X^MlTI/^o Hie LSVMBTfltT 
= 1. 5(D«&l:H *««ttt**.6n«i5/>#;P«« 

ni^D, /-fXtAX^ Wl^K (noise power sp 
ectral density) N 0 HioTH 3 0X»ttKW 
it5««jteffiB£ft*o 

[0 12 8] 02 0(1 S&*Lfr^fflT*«. 2tcBC 
H (15, 7, 5) «F#tdOV>T©S«BrtTiS«!lBtt 
ffiBi*JW£n*tefi4>¥^A--- fe>h<ttfC. 

[0 12 9] tt«d*S«JittT**^5*>ft*flK-r*' 



[0 13 0] *^l:out, ^tttt£tt<z>Jgtl&# 

[0 13 1] /lUv^ftSE^aStt^HSKA 

te> n x J CDggt, Xte, n x J x 1 o g 2 nt*7 

[0 13 2] X, *^jS60J^ffiTJ±. /lU^tfctt^S 
xCh (x) , a- Kg, /lU^-f »aE^S©«»©tt: 



/-^te, IB2cDffi«&£^bTlM PflHR (side inf 
ormation) tVXmm^nx^b^o «L<H «#g§ 

[0 13 3] 3(^06©»liTtt. *%M^2tcMIhI^ 
[0®<©ffi*^ltt^] 

[01] *%^^Jg^ffilcJ:^«^g§^tSt6M«fi5c 

[02] 2tCjSEI (7, 4) «ffO^-t-^?7 (Ta 
nner graph) $:St*0o 

20 [0 3] (a) «is«Au^ift*fT2WH. icwa-r* 
m<o&m&7KTmmm* (t>) tttt«/*u^ift*fTOT 

[04] 27ciSlHl (7, 4) ;\*>ifa— potta/tu 
^^^ff^JHe lcW«bfc*-:*— ^:7£*-r0o 

[0 5] W&F (x) ^z0lfftn-y 3 >FQ 
(x) fclttSIrr*^?. 

[0 6] 01{C^$n^^^cDXyD±:7itCD«J^^ 

30 ^-r^a-/^0o 

[07] *»Wlcffi^E«*4ia*ffa:'5 2:i:Kl«kO«[ 
#*froT»Sn&, (7, 4) A=>^-H<Ogg 

[08] #5£91K:t£V>2 7CBCH (1 5, 1 1) 

[0 9] #«fflKfi£V>2 7cBCH (15, 7, 5) 

[01 0] *»W«Cfl6^27CBCH (1 5, 5, 7) «F 

40 [01 1] *^C^2%BCH (2 7 3, 1 9 1) 
HUl^r (DS) n-P*«^Ufc>'3.$U— >3>»* 

[012] **JlS©»li<3!>«l©||M«fc«k*3/"JT;W 

[013] 01 2JC^$n^i>UTJU^g§coxya-fe 
y+r£r^r:/n>;/^0 o 

[014] 01 2i:SSn5yU7Mt*©zyPt 

[0 1 5] (a) tt, 01 2«CSSn*-> , J7;Mfc#» 
50 cox - t o-Zgfa^7 hcox- t o-ZTPUX5E 
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[016] 01 2 C^$nAcX- t o - Z h 
tf>7tRAMl£*M]^7tx (i, j ) **B**tlfctt 

[017] 01 2(C^$n^cZ- t o-X£ffi^7 h 
CDARAMK;* HJ*f A z <i, j ) *«e«Sn&tt 



30 



[018] *^Sfi^ffi0^2CD^M^JICi;^^^WP 

[019] w««tt««ft3S-rfc»o*»©»&*u* 
[020] *»<z)»a*uevifl[^, ^MStt^STfc 

i 

2 A^^b 

3 X^r— ^ 

5 

6 Z^D-fey* 

i o m&mQ (d u-irs 



11 k x (i, j) jthUy^tt-JHR 
12 «JE?9F#br!y>8 A tt^S 

3 0 

3 5 LLRA*77r3 5 

4 0 xyD-fe-zit 

4 5 

50A X- t o-ZgMrLn^ h 

5 OB Z - t o-Xeiar^ h 
10 5 1 7cRAMftd»» 

51a X-to-Z7Hl/A»tS 

5 2 tcRAM 

5 3 A RAMMm 

5 3a Z- t o-X7FUX«£» 
54 ARAM 

6 0 zyntyU" 

1 0 0 ;1?WH[W 

4 0 0 xyn-fes/U- 

5 0 0 TH^W-fitrL-yh (ACU) 
20 5 0 1 X- t o~Z7HUX5E*S 

5 0 2 Z- t o-X7 FlxXf&fegg 
5 03 A AX 
5 0 4 7C/tX 
5 0 5 
5 0 6 

600 Z^Dty* 



[01] 



[02] 



l ri l n l h0 ° 4 



s r (i) 



C(i) 



.(i.j) 



h00 



5 



X.CU) 



n«(i. j) 




1 6] 
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(2,3) 
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(3,0) 




(4,2) 
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( 3 : 3 ) 


(4 f 0> 
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(5 f l) 
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i - 0 
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